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httcense.Abstract Objective: To compare the glomerular ﬁltration rate (GFR) by 99mTc DTPA scan and
the Cockroft Gault method in unilateral small kidney.
Materials and methods: The present study was conducted in the Department of Nuclear Medicine
at the Sher-i-Kashmir Institute of Medical Sciences (SKIMS), India from July 2007 to April 2011.
The present study included 47 patients with a diagnosis of unilateral small kidney on ultrasound.
Out of 47 patients, 21 (44.7%) were males and 26 (55.3%) were females. Image processing was done
using camera based methods. The GFR was automatically calculated by a software in a commer-
cially available computer according to the Gates algorithm. The predicted creatinine clearance was
calculated according to the Cockroft and Gault equation.9009325.
mail.com (M.u. Hassan).
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Table 1 Age and gender distributi
Age (yr) Male
n
21
Age range (yr) 23–65
Mean ± SD 39.9 ±
652 M.ul Hassan et al.Results: Mean total GFR by DTPA Gates method was 73.6 ± 18.6 ml/min and by the Cockroft
Gault (CG) method was 79.8 ± 32.2 ml/min. The difference was statistically insigniﬁcant indicating
an agreement between both the methods in measuring GFR.
Conclusions: To discuss the advantages of isotopic renography, CG cannot give individual kidney
GFR and so is not of much use in the unilateral small kidney wherein the main aim is to know the
function of the individual kidneys. Furthermore because of low cost and less radiation burden, this
test might be preferred for routine practice in nuclear medicine.
 2013 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.Table 2 Descriptive statistics.
Parameters Mean ± SD
Height 141 ± 9.55 cm
Weight 59 ± 11.7 kg
Body surface area 1.59 ± .19 m2
Serum creatinine 1.05 ± .19 mg/dl
Table 3 Descriptive statistics for the measurement of GFR.
Mean SD P value
Total GFR (DTPA scan) 73.6 18.6 0.138 (NS)
GFR (Cockroft Gault equation) 79.8 32.2
Abbreviations: GFR=Glomerular ﬁltration rate, SD= Standard
deviation.
There was no statistically signiﬁcant difference in GFR by DTPA
(Gates method) and GFR calculated by the Cockroft Gault equa-
tion (p= 0.138).1. Introduction
Various methods are described to measure renal function in re-
nal scintigraphy. Camera-based methods, which depend on the
fact that renal uptake early after tracer injection reﬂects renal
function, can calculate renal function from imaging data alone
without blood sampling (1,2). The ﬁrst attempt to assess the re-
nal function with radionuclide applications was made in 1952
by Oeser and Bilion, who measured urine radioactivity after
intravenous injection of I-131-Iodoxyl (3).
Inulin clearance is proved as the gold standard for glomer-
ular ﬁltration rate (GFR) determination. However, this meth-
od is not performed in clinical practice, because of technical
complexity and limited availability. The intrinsic creatinine
clearance has been widely performed as the only alternative
to inulin clearance (4–6). The Cockcroft-Gault equation was
originally developed to estimate creatinine clearance but has
been evaluated as a predictor of GFR. It incorporates serum
creatinine, age and body weight in the calculation and esti-
mates creatinine clearance in ml/min, uncorrected for body
surface area (7).
Technetium 99m Diethylene triamine pentaacetic acid
(99mTc DTPA) is a chelating agent and was introduced into re-
nal nuclear medicine in 1970 (8) since it was known that che-
lating agents used in toxic metal poisoning are eliminated by
glomerular ﬁltration without any metabolic alteration (9–12).
Several investigations have subsequently shown that 99mTc
DTPA meets most of the requirement for agents suitable for
the measurement of the glomerular ﬁltration rate (13). There
is a trade-off between convenience and accuracy, with more
accurate methods necessitating increased labor. Single-sample
methods and camera-based methods appear suitable for use
in busy clinical practices. In the single-sample method, a single
venous blood sampling is performed after tracer injection
(about 3–4 h post-injection for DTPA, and about 40 min
post-injection for MAG3 and OIH), and plasma radioactivity
is measured. The injection dose is assayed in the same unit.
Plasma activity and injection dose are substituted in a prede-
ﬁned, empiric equation to calculate renal clearance (14). The
technique is based on the relation between renal functionon.
%
44.7
13.2and residual plasma activity, i.e., the simple fact that high renal
function results in low residual activity. Although the single-
sample method is less accurate in overt renal insufﬁciency, it
generally provides acceptable accuracy with acceptable labor.
Gates in 1981 introduced a method called ‘‘Gates method’’
for the estimation of glomerular ﬁltration rate using 99mTc
DTPA (stannous) (15). Camera-based methods, which depend
on the fact that renal uptake early after tracer injection reﬂects
renal function, can calculate renal function from imaging data
alone without blood sampling (1,2).
2. Material and methods
2.1. The present study was conducted in the Department of
Nuclear Medicine at the Sher-i-Kashmir Institute of
Medical Sciences (SKIMS), Soura, Srinagar (J&K) fromFemale Total
n % n %
26 55.3 47 100
9–65 9–65
38.3 ± 15.0 39.0 ± 14.1
Table 4 Detailed list of all the 47 patients.
S. No. Age/sex Ht (cm)/Wt (kg) Biochemistry (Ur/Sr.Cr) T. GFR by Tc99mDTPA GFR by Cockroft Gault equation
1 30/F 161/67 18/0.8 81.4 108.7
2 33/M 179/90 26/0.8 57.4 167.1
3 23/M 167/54 36/0.8 122.5 109.6
4 46/F 155/60 40/1.8 44.9 35.8
5 30/M 170/56 48/1.8 56.5 47.5
6 65/F 148/47 35/0.9 69.4 43.8
7 33/M 182/81 40/1.3 72 92.6
8 45/F 150/66 48/2.6 41.2 28.4
9 35/F 157/55 23/0.9 71.7 75.7
10 50/M 158/48 26/0.8 65.5 75.0
11 30/M 160/61 19/1.5 85 59.6
12 30/M 160/55 28.3/0.8 80.5 105.0
13 48/F 155/72 26/0.8 68.5 89.8
14 40/F 150/55 18/0.5 91.9 113.9
15 28/F 141/47 26/0.7 78.4 88.7
16 50/F 145/56 26/0.6 71.7 99.1
17 32/F 167/54 33/1.5 79 45.9
18 55/M 157/55 42/1.6 63.1 40.5
19 29/M 160/61 26/0.8 95.5 117.5
20 9/F 153/42 24/0.7 61.6 92.7
21 15/F 159/43 22/0.5 76.8 113.3
22 60/F 153/65 24/.6 88.9 102.3
23 20/F 160/54 25/0.8 56.5 94.4
24 60/M 158/48 46/0.9 96.7 59.2
25 16/F 153/42 35/1.0 73.4 61.4
26 38/M 160/68 29/0.9 71.7 107.0
27 41/F 150/58 18/0.7 85.2 113.9
28 55/F 150/70 26/0.8 85.8 87.8
29 35/M 175/63 40/1.6 61.7 57.4
30 51/F 153/39 28/0.7 88.8 58.5
31 32/M 160/55 32/1.4 76.2 58.9
32 47/F 145/42 50/1.7 67.3 27.13
33 30/F 156/50 38/0.6 45.1 108.2
34 35/M 165/75 30/1.0 54.2 109.38
35 25/F 162/68 32/0.5 105.8 184.6
36 26/M 180/70 18/1.21 73.9 91.6
37 55/M 167/83 32/1.2 54.6 81.6
38 50/M 165/68 24/0.8 98.8 106.2
39 25/F 152/47 22/0.8 77.1 79.76
40 40/F 160/65 38.08 70.0 95.92
41 65/M 160/70 47/1.2 48.5 60.7
42 30/M 170/70 44/2.2 45.2 48.6
43 65/F 144/40 110/2.6 35.5 13.6
44 35/M 173/65 45/1.0 105 94.7
45 40/F 155/60 28/0.8 80.6 88.5
46 64/M 170/68 36/0.9 67.8 79.7
47 38/F 150/55 32/0.8 100.6 82.7
Note: Nine patients were having deranged KFT (SrP 1.5).
Abbreviations: Ht: Height, Wt: Weight, Sr. Cr.: Serum Creatinine, Ur: Urea, T. GFR: Total Glomerular Filtration Rate, F: Female, M: Male.
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patients with a diagnosis of unilateral small kidney on
ultrasound. Out of 47 patients, 21 (44.7%) were males
and 26 (55.3%) were females. Age range was from 9–
65 years.
2.2. Following an intravenous bolus injection of 185 MBq
99mTc DTPAradiopharmaceutical, the image acquisition
was done using 64 · 64 matrix size. Images were
acquired at a rate of 1 s per frame for 60 s to assess renal
perfusion .Then images were acquired at a rate of 30 s
per frame for 29 min to evaluate parenchymal radio-
tracer uptake and clearance.2.3. Image processing was done using camera based methods.
Camera-based methods, which depend on the fact that
renal uptake early after tracer injection reﬂects renal
function, can calculate renal function from imaging data
alone without blood sampling. Region of interest (ROI)
for each kidney was drawn manually on the frame, at
maximum uptake phase (2–3 min) following the injec-
tion. Background region of interest was taken as area
of least activity. The background corrected time–activity
curve was generated, and the renal uptake of the unilat-
eral kidney after the injection was calculated. After
image acquisition, patient’s weight and height were
654 M.ul Hassan et al.entered into an online computer, with which all imaging
data were recorded. The GFR was automatically calcu-
lated by a software in a commercially available computer
according to the Gates algorithm. GFR modiﬁed the
Gates method was calculated with the following formula:
ðRRBÞ=elvRþðLLBÞ=elvL½ 
Total renal uptake percentð%Þ¼ ðPrePostÞ
Global GFR¼Total percent renal uptakeð%Þ1009:812706:82519
where, Pre: pre injection count, Post: post injection coun-
t(empty syringe), R: right kidney counts, RB: right kidney
background counts, L: left kidney counts, LB: left kidney
background counts, vR: right kidney depth, vL: left kidney
depth, l: attenuation coefﬁcient of 99mTc in soft tissue
(0.153/cm), e: constant.
2.1. Predicted creatinine clearance
For men, the predicted creatinine clearance was calculated
according to Cockroft and Gault (16) as follows:
ð140 ageÞ  weightðkgÞ
72 Sr:creatinine ðmg=100mlÞ
For women, the value given by the equation above was multi-
plied 0.85 times.
3. Observations
The present study included 47 patients with a diagnosis of uni-
lateral small kidney on ultrasound. Out of 47 patients, 21
(44.7%) were males and 26(55.3%) were females. In males,
the mean age at presentation was 39.9 ± 13.2 years (23–
65 years) with 14(66.6%) patients in the age group of 21–
40 years (See Tables 1–4).4. Discussion
In our study of 47 cases, mean total GFR by DTPA Gates
method was 73.6 ± 18.6 ml/min and by the Cockroft Gault
(CG) method was 79.8 ± 32.2 ml/min. The difference was sta-
tistically insigniﬁcant indicating an agreement between both
the methods in measuring GFR.
Natale et al. did a study on the estimation of GFR by 99mTc
DTPA and estimated creatinine clearance by the Cockroft
Gault equation on 65 individuals (15 healthy controls and 50
with renal disease) and compared both the methods to the gold
standard Inulin clearance. Mean predicted creatinine clearance
by CG was 65.1 ± 37.7 ml/min and that by 99mTc DTPA reno-
gram was 70.4 ± 38.9 ml/min and it was concluded that 99mTc
DTPA clearance from the renogram is less precise than mea-
sured and predicted creatinine clearance (17). In clinical prac-
tice, plasma creatinine is measured as an estimate of the GFR,
on the assumption that creatinine is completely ﬁltered across
the glomerulus and that creatinine production and excretion is
constant. The plasma creatinine concentration is then inversely
related to the GFR. In addition creatinine production depends
on muscle mass and is age and sex related. To apply CG for-
mulae, plasma creatinine must be in the steady state (18).
The formula is inaccurate in patients with liver disease, muscle
wasting, edema or extreme adiposity (19). Furthermore, withcreatinine, the ratio of glomerular ﬁltration to tubular excre-
tion varies unpredictably in pathologic states (20). In some
studies it was found that with GFR prediction equations has
been the bias from a lack of standard calibration in serum cre-
atinine assays across laboratories (21,22).
Gates was proved to be inaccurate and less precise than CG
for predicting the GFR. In addition, Gates tends to overesti-
mate GFR. These results were consistent with previous reports
(23). In another study by Kazou Itoh while comparing various
methods for the determination of glomerular ﬁltration rate he
found that Gates method is less precise than CG (25). It has
been debated whether the Gates method is accurate for pre-
dicting GFR (24–29). Several sources of errors in the estima-
tion of GFR by scintigraphy are recognized: background
correction, decay statistics, attenuation correction, estimation
of arterial plasma activity, system dead time, volume measure-
ments and radiopharmaceutical quality (30). De Santo et al.
evaluated GFR in 65 individuals (15 healthy controls and 50
patients with renal disease) by Tc99m-DTPA renogram (Gates
method), creatinine clearance (measured and predicted by
Cockroft and Gault, CG) and by inulin clearance. They con-
cluded that Gates method for GFR assessment is less precise
than measured and predicted creatinine clearance (31).
Comparing the various methods by determination of GFR
by 99mTc DTPA by Gate’s renography and predicted creati-
nine clearance by the Cockroft Gault (CG) equation in 36 pa-
tients, Assadi et al. concluded that Gates method is more
precise than the CG method (32). Similarly Peterson et al.
(33) observed that 99mTc renography is more accurate than
24 hrs creatinine clearance and is acceptable for clinical use
in patients with reduced renal function. He also noted that
99mTc-DTPA renography provides notable information such
as quantitative individual renal function and pathophysiologi-
cal changes of the kidney in renovascular hypertension, hydro-
nephrosis and renal transplant and suggested that isotopic
renography is likely to be overtaken by competing technologies
which can provide one test to give simultaneous information
about both structure and function.
5. Conclusion
To discuss the advantages of isotopic renography, CG cannot
give individual kidney GFR and so is not of much use in uni-
lateral small kidney wherein the main aim is to know the func-
tion of the individual kidney i.e. to discuss ﬁndings in the small
kidney. Furthermore because of low cost and less radiation
burden, this test might be preferred for routine practice in nu-
clear medicine.
References
(1) Inoue Y, Ohtake T, Homma Y, Yoshikawa K, Nishikawa J,
Sasaki Y. Evaluation of glomerular ﬁltration rate by camera-
based method in both children and adults. J Nucl Med
1998;39(10):1784–8.
(2) Inoue Y, Ohtake T, Yokoyama I, Yoshikawa K, Asai S, Ohtomo
K. Evaluation of renal function from 99mTc MAG3 renography
without blood sampling. J Nucl Med 1999;40(5):793–8.
(3) Oeser H, Bilion H. Funktionelle Strahlen diagnostik durch etiketeirte
Roentgenkontrastmittle Fortsh. Rontgenstr 1952;76:431.
(4) Shemesh O, Golbetz H, Kriss JP, Myers BP. Limmitations of
creatinine as a ﬁltration marker in glomerulopathic patients.
Kidney Int 1985;28:830–8.
Comparison of glomerular ﬁltration rate by Gates method with Cockroft Gault equation in unilateral small kidney 655(5) Perrone RD, Madias NE, Levey AS. Serum creatinine as an index
of renal function:new insights into old concepts. Clin Chem
1992;38:1933–53.
(6) Rahn KH, Heidenreich S, Bruckner D. How to assess glomer-
ular function and damage in humans. J Hypertens 1999;17:
308–17.
(7) Lamb EJ et al. Estimating kidney function in adults using
formulae. Ann Clin Biochem 2005;42:321–45.
(8) Eckelman W, Richards P. Instant Tc 99m-DTPA. J Nucl Med
1970;11:761.
(9) Foreman H, Vier M, Magee M. The metabolism of C14 labelled
ethylenediaminetetraacetic acid in the rat. J Biol Chem 1953;203:
1045.
(10) Foreman H, Trujillo TT. The metabolism of C14 labelled
ethylenediaminetetraacetic acid in the human being. J Lab Clin
Med 1954;43:566.
(11) Heller J, Vostal J. Renal excretion of calcium disodium ethylene-
diaminetetraacetic acid. Experientia 1964;20:99.
(12) Stevens E, Rosoff B, Weiner M, et al. Metabolism of the
chelating agent diethylene triaminepentaacetic acid C14 DTPA
in man. Proc Soc Exp Biol Med 1962;111:235.
(13) Smith HW. Principles of renal physiology. New York: Oxford
University Press; 1956.
(14) Blaufox MD, Aurell M, Bubeck B, et al. Report of the
radionuclides in nephrourology committee on renal clearance. J
Nucl Med 1996;37(11):1883–90.
(15) Gates Gary F. Glomerular ﬁltration rate: estimation from
fractional renal accumulation of 99mTc-DTPA (Stannous). AJR
March 1982;138:565–70.
(16) Cockroft DW, Gault DA. Prediction of creatinine clearance from
serum creatinine. Nephron 1976;16:31–41.
(17) Natale G et al. Measurement of glomerular ﬁltration rate by the
99mTc-DTPA renogram is less precise than measured and
predicted creatinine clearance. Nephron 1999;81:136–40.
(18) Weiczorowska-Tobis K, Niemir ZI, Guzik P, et al. Difference in
estimated GFR with two different formulas in elderly individuals.
Int Urol Nephrol 2006;38(2):381–5.
(19) Tønnesen KH, Munch O, Hald T, et al. Inﬂuence in radioren-
ogram of variation in skin to kidney distance and the clinical
importance hereof. In: Winkel Zum, Blaufox MD, Funck-
Brentano JL, editors. Radionuclides in nephrology. Berlin:
George Thieme; 1974.
(20) Hoek FJ, Kemperman FA, Krediet RT. A comparison between
cystatin C, plasma creatinine and Cockroft and Gault for the
estimation of glomerular ﬁltration rate. Nephrol Dial Transplant
2003;18(10):2024–31.
(21) Proulx NL, Akbari A, Garg AX, Rostom A, Jaffey J, Clark HD.
Measured creatinine clearance from timed urine collections
substantially overestimates glomerular ﬁltration rate in patientswith liver cirrhosis: a systematic review and individual patient
meta-analysis. Nephrol Dial Transplant 2005;20:1617–22.
(22) Myers GL, Miller WG, Coresh J, Fleming J, Greenberg N,
Greene T, et al. Recommendations for improving serum creat-
inine measurement: a report from the laboratory working group
of the national kidney disease education program. Clin Chem
2006;52:5–18.
(23) Duran E, Prigent A, Gaillard J. Comparison between 9 methods
for estimation of glomerular ﬁltration ﬁltration rate (GFR) with
simultaneous injection of 51 Cr-EDTA and 99mTc-DTPA. In:
Taylor Jr A, Nally J, Thomsen H, editors. Radionuclides in
nephrourology. Reston,VA: Society of Nuclear Medicine; 1997.
p. 117–20.
(24) Kazuo ITOH. Comparison of methods for determination of
glomerular ﬁltration rate: Tc-99m-DTPA renography, predicted
creatinine clearance method and plasma sample method. Ann
Nucl Med 2003;17(7):561–5.
(25) Fawdry RM, Grueneward SM, Collins LT, Roberts AJ. Com-
parative assessment of techniques for estimation of glomerular
ﬁltration rate with Tc-99m DTPA. Eur J Nucl Med 1985;11:7–12.
(26) Russell CD, Dubovsky EV. Gates method for GFR measurement
[letters to the editor]. J Nucl Med 1986;27:1373–4.
(27) Russell CD. Estimation of glomerular ﬁltration rate using 99m Tc
DTPA and the gamma camera. Eur J Nucl Med 1987;12:548–52.
(28) Mulligian JS, Blue PW, Hasbargen JA. Methods for measuring
GFR with technetium 99m DTPA: a analysis of several common
methods. J Nucl Med 1990;31:1211–9.
(29) Goates JJ, Morton KA, Whooten WW, Greenberg HE, Datz FL,
Handy JE. Etal.Comparison of methods for calculating glomer-
ular ﬁltration rate: technetium-99m-DTPA scintigraphic analysis,
protein free and whole-plasma clearance of technetium-99m-
DTPA and iodine iothalmate clearance. J Nucl Med 1990;31:
424–9.
(30) Russel CD. Gastric emptying of a nutritionally. In: Tauxe WN,
Dubovsky EV, editors. Nuclear Medicine in clinical urology and
Nephrology. Norwalk, CT: Appleton-Century-Crofts; 1985. p.
173–84.
(31) De Santo NG, Anastasio P, Cirillo M, Santoro D, Spitali L,
Mansi L, et al. Measurement of glomerular ﬁltration rate by the
99mTc-DTPA renogram is less precise than measured and
predicted creatinine clearance. Nephron 1999;81:136–40.
(32) Majid Asadi et al. Comparison of methods for determination of
glomerular ﬁltration rate: low and high-dose Tc-99m-DTPA
renography, predicted creatinine clearance method, and plasma
sample method. In Urol Nephrol 2008;40:1059–65.
(33) Peterson LJ, Petersen JR, Talleruphuus U, Moller TA, Ladefoged
SD, Mehlsen J, et al. Glomerular ﬁltration rate estimated from
the uptake phase of 99mTc-DTPA renography in chronic renal
failure. Nephron Dial Transplant 1999;14:1673–8.
